In this paper, splitting strength and freeze-thaw splitting strength of warm mix asphalt (WMA) are analyzed based on material surface free energy (SFE). Firstly, SFE, polar component and dispersion component of asphalt with different additives (Sasobit ® , anti-stripping agent) are measured through sessile drop method; Secondly, SFE and specific surface area (SSA) of limestone and granite are measured separately by capillary rise method and BET adsorption method; Fatherly, work of adhesion between asphalts and aggregates is calculated; At last, the author analyzes the relationships between SFE, each component, work of adhesion and splitting strength, freeze-thaw splitting strength of mixtures.
INTRODUCTION
Traditional asphalt mixing techniques generally include hot mix asphalt (HMA) technology and cold mix asphalt (CMA) technology, but hotmix asphalt needs more energy and produces more pollution; while cold mix asphalt is used limitedly due to its poor performance. In view of those defects, warm mix asphalt (WMA) technology comes into being.
WMA technology is environmental and emerging technology (1) , which is using a specific technology or viscosity reducer, that allows for production of mixture at lower temperatures, and the temperature is between hot mix (150-180℃) and cold mix (30-50℃), but the performance of WMA is close to the HMA (2, 3) .But studies show that: tensile strength ratio of WMA does not meet the minimum requirements of Superpave recommended (4) ; the performance of WMA is as same as the HMA on high temperature stability and low temperature crack resistance, but its less splitting strength and moisture sensitivity (5, 6) ; the performance of Sasobit ® WMA is evaluated in the study (7) , and it indicates that the performance of Sasobit ® WMA is lower than the same style hot mix asphalt apart from rutting resistance, and the tensile strength ratio is only 68.4%. In summary, most studies show that splitting strength of WMA is low, and resistance to moisture damage is poor, but there was no reasonable explanation for this phenomenon. So the author attempts to give some reasons from the view of material surface free energy in this paper.
DETERMINATION OF SFE OF ASPHALTS Basic Principle of Sessile Drop Method
In the paper, SFE of asphalt is measured through sessile drop method. According to the study of Fowkes and Owens, SFE of the asphalt is expressed as Equation (1) Young angle equation could be established according to Figure1, which is the relationship between the contact angle of liquid on solid surface and the material SFE, and Young angle equation is shown as Equation (2) The interface tension of solid-liquid could also be represented as Equation (3):
So bringing(2) into (3) to infer Equation (4) 
Results of Contact Angle Measurement
Angles between asphalt samples and liquids whose SFE are already known are measured using the HARKE-SPCA x1 Contact Angle Measuring Instrument. The basic parameters of five liquids are shown in Table 1 . According to Equation (4), Table 1 1) The SFE range of asphalts measured is from 24.920 mJ/m 2 to 28.633 mJ/m 2 , which is similar to the previous literature; compared with polar component, dispersion component shares a larger proportion of SFE of asphalt;
2) When the dosage of Sasobit ® is 0%, polar component of the asphalt with 0.3%
anti-stripping agent increases significantly than with 0% anti-stripping agent; 3)When the dosage of anti-stripping agent is 0%, the dosage of Sasobit ® is in the range from 0% to 2%, SFE of the asphalt shows a downward trend, which is in line with literature (9), but with the dosage of Sasobit ® increases continuously, SFE of asphalt increases slightly and then decreases significantly; 4) When the dosage of anti-stripping agent is 0%, Sasobit ® makes dispersion component of asphalt reduce, but polar component increase, and it increases significantly with the dosage 2%, 4%.
DETERMINATION OF SFE OF MINERAL AGGREGATE Test Results of Capillary Rise Method
First, pentane is selected to measure the effective radiuses of limestone powder gap and granite powder gap. Table 2 shows the basic parameters of pentane. The liner relationships between immersion height square and time are built; therefore the effective radiuses are calculated. The results of regression are shown in According to Figure 3 , the effective radiuses of 1#-granite, 2#-granite, 1#-limestone and 2#-limestone are 0.2771µm, 0.2623µm, 0.1652µm and 0.1627µm。The results show that effective radiuses of the same lithology powder are approximate, and tests are reproducible. Therefore, the average value of 1#-simple and 2#-simple is adopted, so the effective radiuses of limestone is 0.1639µm, granite is 0.2697µm.
Continually, distilled water, methylbenzene and formamide are selected to immerse with limestone powder and granite powder. The basic parameters of those immersion liquids are shown in Table 3 , and results of tests are shown in Table 4 . As showed in Table 5 , SFE of limestone is larger than granite, and the dispersion component of limestone is closed to its polar component, but the polar component of granite is less than its dispersion component significantly, which is similarity to previous literature, such as USD, Sessile Drop(9). Additionally, mineral aggregate is a high SFE material (9) , which has a strong adsorption force to reduce its SFE, i.e., there is a pressure of balanced expansion on the surface of aggregate, thus SFE of mineral aggregate is much higher than asphalt.
According to Table 5 , Figure 3 , works of adhesion between asphalts and aggregates are calculated, as showed in Table 6 . As showed in Table 6 : 1) works of adhesion between asphalts and limestone are significantly less than granite under the same conditions of additives; 2) with the same dosage of Sasobit ® , 0.3% anti-stripping agent negligibly impacts on work of adhesion between asphalt and granite compared with 0% anti-stripping agent. According to SSA of 0.3mm~0.6mm limestone tested is 0.404m 2 /g, and the method of test and calculation of other specimens is similar. The same kind of samples was measured 4 times for SSA, and the average and Cv are calculated as shown in Table 7 . As could be achieved form Table 7 : 1) SSA of limestone is significantly greater than the same size granite, which is similar to the finding (8) , further the SSA of limestone is about 1.4 times than granite. The reason may be that limestone has the relatively rough surface texture; 2) SSA of two kinds of mineral aggregates are decreasing with the size increasing; 3) the values of Cv are higher, mainly reason is the randomness of samples and the differences between samples.
DETERMINATION OF SSA OF MINERAL AGGREGATE

SPLITTING STRENGTH OF WMA
In this paper, the splitting strength and freeze-thaw splitting strength of WMA are tested according to exerting specification. The style of mixture is AC-13C, and gradation design is shown in Figure5; the best ratio of asphalt-stone is determined as 4.8%; the temperature of mixing is 130℃; in order to make the void of different mixture porosity similar, it is needed that placing the mixture into the oven at 160℃ for 2hours before compaction. Forming the mixture simples for double-sided compaction 50 times using standard compaction equipment.
FIGURE 5. Aggregate Design.
Simples are divided into two groups, one group is placed into the water bath of 25℃ for the splitting strength measurement after 2h, and another group is to have freeze-thaw cycle in accordance with the specification, with the measurement of its freeze-thaw splitting strength. The test results are shown in Table 8 . As could be got from Table 8 : 1) without any additives, TSR of limestone mixture is 99.24%, indicating the best performance of moisture stability; 2) under the condition of 0% anti-stripping agent, adding Sasobit ® into mixtures (either limestone or granite) makes the splitting strength and freeze-thaw splitting strength reduce to a certain extent, indicating Sasobit ® is harmful to splitting strength; 3) under the same conditions of additives, freezing strength, strength after freezing and TSR of limestone mixtures are larger than granite, indicating the type of mineral aggregate impacts on the moisture stability obviously; 4) TSR is improved to some extent by adding anti-stripping agent, but the splitting strength and freeze-thaw splitting strength decrease.
CORRELATION RESULTS ANALYSIS CORRELATION ANALYSIS ON SFE, EACH COMPONENT OF ASPHALT AND SPLITTING STRENGTH OF MIXTURE
The change rules of splitting strength, freeze-thaw splitting strength and SFE, polar component and dispersion component with the dosage of Sasobit ® are shown in Figure 6 and Figure 7. Seen from Figure 11 , with the increasing of Sasobit ® dosage, the change rule of SFE of asphalt is similar with the corresponding splitting strength and freeze-thaw splitting strength of mixture, which means that change ruler of splitting strength can be better explained through SFE of asphalt. Seen from Figure 7 , the splitting strength and freeze-thaw splitting strength of the mixture are negatively correlated with the polar component and are positively correlated with the dispersion component of asphalt, the main reason of which is that the dispersion component is the physical adhesion component, and physical adhesion will be greater as the dispersion component increases; while the polar component of asphalt is the chemical component, which is related with chemical composition and charged surface of asphalt. The research of this aspect involves much content with broad range, and the study is going on.
CORRELATION ANALYSIS ON WORK OF ADHESION AND SPLITTING STRENGTH OF MIXTURE
The change rules of the splitting strength, freeze-thaw splitting strength and the work of adhesion between asphalt and aggregate with the dosage of Sasobit ® are shown in Figure 8 . Seen from Figure 8 , with the increasing of Sasobit ® dosage, the change rule of work of adhesion is similar with the corresponding splitting strength and freeze-thaw splitting strength of mixture; the splitting strength and freeze-thaw splitting strength of the mixture are positively correlated with the work of adhesion. The work of adhesion between asphalt and limestone is less than with granite, but the splitting strength is higher than granite, due to the SSA of limestone is 1.4 times than granite (shown in Table 7 ), so limestone has more areas than the same size granite for adhering asphalt.
CONCLUSIONS
To explain the lower splitting strength and freeze-thaw splitting strength of WMA, the author gives some reasons from the view of material surface free energy in this study. The following conclusions are reached:
Polar component of asphalt and splitting strength is negatively correlated, but dispersion component of asphalt and splitting strength is positively correlated, Sasobit ® makes dispersion component of asphalt reduce, but polar component increase, so splitting strength, freeze-thaw splitting strength of mixtures with Sasobit ® reduce legitimately; Work of adhesion between asphalt and granite is larger than with limestone, but the SSA of limestone is 1.4 times than granite, due to the rough surface texture of limestone; Therefor splitting strength, freeze-thaw splitting strength of mixtures with limestone are larger than granite; With the dosage of Sasobit ® increases, the work of adhesion, splitting strength and freeze-thaw splitting strength of mixtures is changed similarly.
